Abstract: Much emphasis has been placed on the importance of firms' innovation to survive and prosper in today's economic environment. At the same time, it is generally accepted that innovation often increases the financial risk of firms and, as a result, their failure risk. Using a dataset of 148 Spanish SMEs, we analyse the impact of innovative activities on firms' survival over the period 2010-2012. The results show that the firms' financial performances have important effects on survival with regard to innovative activities: whereas commercial innovation keeps the firm away from bankruptcy, product innovation increases the survival chances of firms. The novelty of this research is the use of a systemic approach that interrelates financial variables, innovation and firm survival.
Introduction
Nowadays, strategies of firms are more and more focused on survival in an increasingly competitive environment. Traditionally, firm survival refers to its ability to adapt its activity to the market needs, in order to maintain the organisation over a long period (Yagüe and March, 2012) . In fact, survival is the most basic measure of firms' success (Cowling et al., 2009 ). Although growth rates have been widely used as indicators of firms' success, they are not always reliable in the early stages of a firm's life, when economic growth is too slow or too fast compared to the future behaviour of the firm (Amezcua, 2010) .
According to Schumpeter (1935) Following this approach, Baumol (2004) asserts that organisational renewal, especially product innovation, is generally assumed as a core challenge for firms to survive in today's economic environment. Thus, if the innovative capacity of a firm is higher than its competitors, this will increase its competitive advantage by ensuring its survival and boosting its ability to innovate in the future (Twiss, 1993) .
However, innovation often involves financial risk, since it usually consumes significant resources, and the probability of failure is high. An innovation strategy requires not only a reasonable belief that innovation will provide benefits, but also valuing the innovation which ensures the recovery of the economic efforts of the firm in the innovative activity (Montejo and Bravo, 2010) .
Therefore, although firms' innovation seems to be critical for survival, it often increases the firms' financial risk of bankruptcy. Without going any further into this paradox, the literature on firm failure suggests that the firms' financial risk mainly depends on their financial performance, as well as on other firm-specific characteristics. The literature on innovation has generally considered some of these firm-specific characteristics, e.g., firm size and age, whereas it has widely ignored firm financial performance.
This study aims to fill this gap in the innovation literature by jointly analysing the influence of innovation, firm financial performance and firm-specific characteristics on the survival of 148 Spanish SMEs between 2010 and 2012. Thereby, the innovation effect on firm survival can be assessed in a more appropriate way. We are also acknowledging the interrelationship between firms' financial and innovation decisions.
This study makes several contributions to the research on firms' innovation. Thus, while we focus on firms' innovation, we control for other covariates that may influence survival, namely firm financial performance and firm-specific characteristics. In addition, a large number of studies dealing with the effect of firms' innovation on survival have been made in the Anglo-Saxon and Northern European countries. However, few studies have analysed this issue in Southern Europe, where they may be more necessary. Thus, Spain is in the group of 'moderate innovators' (Hollanders and Es-Sadki, 2014) and 'innovation laggards' (Veugelers, 2014) . Moreover, only 21 Spanish companies are included in the ranking of the top 1,000 R&D European firms, and their R&D spending amounts to barely 2.5% of the total private R&D spending within the EU. These figures compare poorly with the 211 German firms, 120 French firms, and 258 British firms in the ranking, which represent together about 68% of total private R&D in the EU (European Commission, 2014) . Obviously, there are some studies focused on Spain (Segarra and Callejón, 2002; Esteve-Pérez et al., 2004; Ortega-Argilés and Moreno, 2007; Esteve-Pérez and Máñez, 2008) but most of them do not take into account firm financial performance. Moreover, unlike previous studies, we also analyse the effect of commercial and organisational innovation on firm survival. This paper is organised as follows. Following the literature review (Section 2), we propose an empirical model based on a sample of 148 Spanish firms (Section 3). The results presented in Section 4 refer to the effect of firm financial performance, firm-specific characteristics and innovation activities on the firm survival between 2010 and 2012. Finally, in Section 5 we discuss the implications and future lines of research.
Literature review
In selecting studies for review we have focused on the most recent papers that relate to innovation and firm survival, in order to identify those variables most used in previous research (Table 1 ). It will be the starting point to focus this study in the Spanish case. Cefis and Marsili (2005) studied the relation between innovation and firm survival in a sample of manufacturing firms in Holland. They conclude that being an innovator increases the survival propensity of the firm by 11%. The authors also find positive relation of firm age, firm size and industry growth with the firm survival.
After analysing 4,289 Italian companies, Giovannetti et al. (2009) concluded that, on average, innovative firms in high-tech sectors survive longer. However, there is no evidence that non-innovators located in traditional sectors have increased their risk of failure. In traditional sectors, the size of the firm is a key factor for ensuring the future viability of the company because, as predicted by the theory of strategic niche management (SNM), a minor dimension ensures a competitive advantage of larger companies in low-tech sectors. However, in high-tech sectors, a larger size of the company is considered essential for firm survival. Rogers (2008, 2010) replicated the analysis of firm survival in different periods of time, also considering the industry effect in 2010. In both papers they conclude that innovation, measured as the R&D expenditure and the level of innovation, is positively related to firm survival. In 2010, these authors also find a positive relation between the proximity to a university and firm survival. Buddelmeyer et al. (2009) studied a huge number of Australian firms, and they conclude that, although innovation and survival are positively related, innovation involves a degree of uncertainty. Thus, investments in product innovation are related to a higher failure propensity, because of the financial risk associated with the innovation process. Finally, they conclude that product innovation and firm survival are U-shaped related. These authors also find a positive relation between industry growth, process innovation and financial structure and firm survival. However, firm size is negatively related to survival. This factor is also related to the financial risk associated with the innovative activity. Cowling et al. (2009) focused their study on the high-tech industry in UK and Germany. Although in both countries the relation between innovation and firm survival is positive, they find contradictory effects when studying the effect of firm size, the level of innovation or the financial structure of the firm.
Cantner and Goethner (2011) studied survival of firms created in universities (university spin-offs). They state that the industry growth and the level of innovation are negatively related to firm survival, but the proximity to university mitigates this negative effect. Gálvez and García (2012) also confirm the positive relation between innovation and the survival of SMEs in Colombia. These authors include the variable organisational innovation, and they also find a positive relation with the firm survival. Focusing on the Spanish case, Segarra and Callejón (2002) analysed the survival of Spanish firms, based on the data of the Central Companies Directory (CCD). These data allowed them to study firm survival from three perspectives: a creation and closure of business units b variations in the size of companies c survival rates in terms of initial firm size and specific industries (Segarra and Callejón, 2002) .
They conclude that the degree of innovation has a negative influence on the Spanish firms' survival. This result differs from previous research, however: other authors such as Geroski (1995) have already shown how the survival rates of firms tend to be lower in innovative industries with high barriers to entry, because innovation in this environment is risky. Esteve-Pérez et al. (2004) study the factors that determine the survival and closure of Spanish firms, based on the data of the Survey of Innovation and Business Strategies (SIBS) during 1990-1999. They conclude that the most innovative firms, measured by their investment in R&D, have more options to survive and export than others. These effects are attributed to both investment and exports, because these behaviours make companies more efficient and competitive, increasing their survival in the long term. As a result, the authors recommend implementing economic policies to support innovation and export activities. In addition, their results also indicate that small firms have a higher probability of failure than larger ones. Additionally, firm age is another key factor for survival, although this factor has a nonlinear effect on the survival rate. In this sense, the most matured firms and also the youngest firms have more risk of closure.
Ortega-Argilés and Moreno (2007) analysed, from the active learning theories, the determinants of firms' survival. This approach is based on the conviction that innovation increases the firm competitiveness by improving the production processes and the quality of products. In this paper, the authors studied, as Cefis and Marsili (2005) , product innovation and process innovation. They conclude that, although firms' survival depends on their size, R&D investment increases the opportunity of the maintenance of the firms in the market, so the strategies based on increasing the innovative capacity of the firms reduce the likelihood of closing them.
Esteve-Pérez and Mañez (2008) examined the determinants of firms' survival through investment in R&D and advertising. These investments, according to experts, would generate competitive advantages. With regard to R&D, the company can buy or develop technology. The second option will make imitation more difficult. With regard to advertising investment, the company can improve its differential image of the product and get some market power. The authors also find that the sector of activity is an important moderating variable in the sense that, according to the industry, R&D will be more or less relevant to firms' survival.
Finally, Baltar Salgado et al. (2012) analysed the determinants of firms' failure for a sample of 223 technology-based firms focused on R&D in the high-tech industry. The authors found no evidence that there is a significant relationship between the firm's survival and its innovative activity, analysed from two aspects: production (patents) and commercialisation (brands). However, the results show that firms' profitability, the guarantees to third parties, efficiency and firm age positively influence the survival rate. As a result, the authors conclude that firms located in high-tech industries should base their innovative projects on profitability, in order to guarantee their future survival.
In short, according to most of the previous studies, there is a positive relationship between innovative activity and firm survival. In general, previous research agrees with the idea that innovation is in the essence of firm survival because it maintains the competitive advantage in the marketplace and allows firms to continue their economic activities. However, the problem of measuring innovation makes the results difficult to compare, because not all authors use the same indicators. The lack of standard criteria for measuring innovation is why most studies use proxy variables, which significantly differ in what aspects of firms' innovation are being measured. Thus, R&D expenditures are generally considered an innovation input variable, whereas the patents are an innovative output, as well as the product, process, commercial and organisational innovations. These proxies of innovation involve different stages of the firm in applying innovative activities to commercial ends and, as a result, different levels of financial risk. Moreover, even when studies use the same indicator, they differ in the way they consider it, namely as a dummy or a count variable. Similarly, the relationship between innovation and firm survival might be affected by the level of the industry's innovation.
In addition, most previous research analyses the relationship between innovative activities and firm survival, without including the effect of the firm's financial performance in this relation. However, literature on firm survival has highlighted a set of important financial factors which influence a firm's survival. Thus, since the pioneering work of Altman (1968) , the liquidity of the firm has been theoretically and empirically associated with firm survival, as well as leverage or profitability.
Methodology

The data and sample
The data used to build the firms sample were collected in two sequential stages: first, firms were identified through CREATINN 1 project (Creativity and Innovation), developed from 2009 to 2012. The CREATINN project is an initiative created by the South West European Space (SUDOE) through its territorial cooperation program that aims to create a framework for regional cooperation between different regions and countries of south-east Europe in the fields of competitiveness and innovation.
Specifically, a questionnaire was designed to obtain information on firms in detail. During the interviews, firms' founders were asked about the specific characteristics of the firm, the innovative activities that had been developed and the demand for innovation planned for the time horizon from 2009 to 2012. Thus, in this first stage we obtained detailed information about 262 Spanish firms between January 2009 and October 2009. Of the total questionnaires received, nine were discarded as not valid or incomplete, so the final number of firms identified in this first stage was 253.
Once firms and their innovative activities were identified, in a second stage we identified them in the database of (Bureau Van Dijk, 2013) SABI (BvD). The objective of this second phase was to get economic and financial data of the firms previously selected. Thus, the standard report shown by this database mainly contains the financial statements of the firms, some financial ratios, the firm's legal form, the number of shareholders and directors, firm's trademarks, stock market information and audit information, among others. However, we could only identify 180 firms of those identified in the first stage in SABI database.
Since the economic and financial data used in the analysis refer to 2009, we looked for this information and found that, of the 180 firms, only 148 had these data available with some degree of reliability. In this sense, we chose to work with a complete sample of information in a smaller sample of firms.
Empirical strategy, definition of the variables and hypotheses
We used the firm survival as dependent variable in our analysis. According to the different potential statuses of the firms registered in SABI database (active, in bankruptcy, insolvency, extinguished or inactive), and following Rommer (2005), we generated a dummy variable that takes the value 1 if the firm continues as 'active' and 0 in the other four cases ('failure') for the period 2010-2012. 2 We examined the determinants of firm survival by estimating regression models. Since the firm survival was measured by a binary variable, we applied a probit model. The following relation was proposed: 
Firm survival
We considered firms' innovation as the main independent variable. As in most of the previous studies, we expect a positive relationship between innovative activities and firm survival. The OECD (2009) says that an innovative firm is one that has designed an innovation during a period of time, considering as innovative activities the introduction of a new or improved product, process innovation, commercial innovation or organisational innovation. Therefore, according to the approach of the Oslo Manual (OECD, 2005) the innovation scope can be defined as follows:
• Product innovation: introduction of a new product on the market or significant improvement of an existing product. The main argument in favour of this type of innovation is the value of innovative products to increase the competitiveness of the firm (Fontana and Nesta, 2009 ). Product innovation is also a signal of firm quality (Bontems and Meunier, 2005) . This is particularly important when product innovation can be protected through patents. When launching a new product protected by industrial property rights on to a market, the firm can displace competitors, and subsequently increase market share (Buddelmeyer et al., 2009 ). Product innovation is measured through a dummy variable that takes the value 1 if the firm claims to have conducted product innovation and 0 otherwise (innovacprod).
• Process innovation: involves the installation of machinery and new equipment, which improves production methods. Such innovation enables firms to become more efficient and it generates competitive advantages over its rivals as it involves anticipating technological developments in the sector, which is especially important when operating in highly dynamic sectors. There are studies that examine whether this type of innovation can be carried out through the purchase of new technology or through its internal development. The first choice generates less uncertainty, but more dependence on others, while the internal development involves a greater risk by requiring specific investments. Esteve-Pérez and Mañez (2008) argue that the latter choice is what really increases the survival chances of firms. In any case, the survey of our study does not distinguish the external or internal nature of the innovation process introduced. Therefore, process innovation is defined as a dummy variable that takes the value 1 when the firm develops any process innovation and 0 otherwise (innovacproc).
• Commercial innovation: implementation of new marketing policies involving changes in the '4Ps' (product, price, promotion and positioning). According to Esteve-Pérez and Mañez (2008) , the activities related to advertising and marketing positively influence firms' survival. This hypothesis is supported from two theoretical approaches. From the point of view of the resource-based theory (Barney, 1991; Peteraf, 1993) , the survival of a firm depends on its ability to generate specific capabilities. Thus, advertising investments that add value to the brand generate specific intangible assets which are difficult to imitate. In this line of reasoning, the industrial organisation literature argues that advertising investments can improve business efficiency and support firm survival by positioning the firm's brands, which might block the entry of potential competitors (Buddelmeyer et al., 2009 ). Commercial innovation is coded as a dummy variable that takes the value 1 if the firm develops commercial innovation activities and 0 otherwise (innovaccom).
• Organisational innovation: referred to changes in the form of management of the firm as the reorganisation of their organisational structure, or the computerisation of the departments. This type of innovation corresponds to the administrative structure of the company, among other processes (Gálvez and García, 2012) . It provides flexibility to the organisation and it makes the adaptation of the business activity to changing environments easier, increasing the firm's chances of survival. This variable is also measured through a dummy variable that takes the value 1 if the firm develops organisational innovation activities and 0 otherwise (innovacorg).
Finally, we included a dummy variable coded as one if the firm has performed any kind of innovative activity, and 0 otherwise (innovacdummy).
As we mentioned, literature on firm survival has also highlighted a set of important financial and other characteristics of a firm which also influence a firm's survival. Therefore, we include these factors grouped into two vectors of explanatory variables: firm financial performance and firm-specific characteristics. The following explains each of them:
1 Firm financial performance vector:
• Profitability: is the ability to generate profits, which results in more available funding that positively influences the probability of firm survival. In this sense, Esteve-Pérez and Mañez (2008) assert that high returns can be a sign of greater efficiency and a better position in the market, which reduces the probability of firm bankruptcy. Conversely, the same authors also indicate that highly profitable firms can be a great attraction for potential buyers, setting them at greater risk of being acquired or merged and, thus, 'disappearing'. As proxy for the firm's profitability we use the return on assets calculated as the ratio between earnings before interest and taxes, and depreciation and amortisation and total assets (ebitdaat).
• Liquidity: is the ability of the firm to meet its short-term debts. Overall, this aspect is very important in the study of the 'innovation dilemma', because often many firms, operating profitably but with liquidity problems, do not survive in the medium term. The lack of liquidity causes financial insolvency, inability to make the payments in the short term and eventually bankruptcy. We use the current ratio (acpc), i.e., current assets divided by current liabilities.
• Leverage or financial structure: this indicator is used to measure the long-term solvency of the firm and, therefore, its ability to meet its long-term obligations, i.e., firm survival. Thus, we use leverage ratio (debt over total assets) as a proxy for the financial structure of firms (deudaat).
• Efficiency: measures the firm's ability to generate revenue; more efficiency involves higher incomes and, therefore, lowers probability of bankruptcy (Esteve-Pérez and Máñez, 2008) . We use the asset turnover, which measures sales relative to total assets (ventasat).
2 Firm-specific characteristics vector:
• Size: with regards to the relationship between firm size and firm survival, there are two possible outcomes in the literature. On the one hand, larger firms usually show higher survival rates because they have easier access to financial resources. These firms also reduce risks through diversification, take advantage of economies of scale and have more specialised human capital, so that, in industries where innovation is important, such as in medium and high-tech industries, firm size is an important competitive advantage. Based on the above arguments, a positive relationship between size and firm survival is expected. On the other hand, the literature also suggests an inverted U relationship between firm size and firm survival. Thus, the smallest firms have a higher probability of bankruptcy, since they have no resistance to possible financial shocks. Similarly, the largest firms are more risky, because they lack a flexible structure, which prevents them from implementing quick decisions and taking control of the firm efficiently when necessary. Firm size is measured as the natural logarithm of the number of employees (lnnumeplea). We also test the existence of nonlinear relationships.
• Age: this is considered one of the most relevant variables in the firm survival. New firms tend to be smaller than incumbents and, consequently, more sensitive to fluctuations in the environment. The organisational learning process needs time, which produces a higher rate of failure among young firms. Organisational ecologists call this hypothesis the 'liability of newness' (Phillips and Kirchof, 1989; Watson and Everett, 1996; Choi and Shepherd, 2005) . Stemming from these arguments, a positive relationship between firm age and firm survival is expected.
In an early stage, the initial resource endowments allow firms to mitigate the failure rates. As these resources are consumed, only the most competitive firms will be able to survive, grow and innovate. Thus, the 'liability of adolescence' predicts an inverted U-shaped relationship between firm age and survival (Brüderl and Schüssler, 1990; Fichman and Levinthal, 1991) . The difference between the liabilities of newness and adolescence depends on when the firm survival rate improves. Over time, firms develop organisational inertia and rigidities that make it difficult to adjust well to the changing environment (Esteve-Pérez and Mañez, 2008). Their technologies, products and business models will deteriorate over time (Ortega-Argilés and Moreno, 2007) . Therefore, from the 'liability of senescence' approach, there is an optimal age at which the probability of firm survival will decrease. Firm age is measured as the natural logarithm of the age of the firm (lnedad). We also test the existence of nonlinear relationships.
• Diversification: previous literature suggests that the more diversified the firm, the more competitive it will become. Thus, exporting firms have to compete in international markets, which forces them to be much more efficient (Esteve-Pérez et al., 2004; Esteve-Pérez and Mañez, 2008; Ortega-Argilés and Moreno, 2007) . Firms' diversification is measured as a dummy variable coded 1 if the firm had exported and 0 otherwise (exporter).
• Legal form: literature on firm survival usually argues that limited liability companies may take more risks than corporations since they have lower capital requirements and, therefore, less funding to lose. We use a dummy variable that takes the value 1 if the firm is a corporation and 0 if it is a limited liability company (formajur).
• Industry: in order to control for the effect of industry on business survival, we use a dummy variable for firms in medium and high-tech industries (sectordummy), according to the Eurostat classification. Eurostat uses the aggregation of the manufacturing industry according to technological intensity and based on NACE Rev.2 at 2-digit level. Table 2 shows the definition of independent variables used in the analysis and expected sign: 
Results
Descriptive statistics
From the 148 companies in the sample, 16 (10.8%) failed during the period 2010-2012 while 132 firms (89.2%) continued active. Descriptive statistics of the independent variables are presented in Table 3 . With regard to innovation, 55.1% of the firms developed some type of innovation over the period of analysis, whereas 44.9% firms defined themselves as non-innovative firms. By type of innovation, product and process innovation are the prevailing (around 41% of firms), while commercial and organisational innovation represent the less innovative areas (around one-third of the firms). Finally, product innovation is a little more frequent than process innovation (46.9% of companies, compared to 41.4%). These data differ to some extent from those reported by the survey on innovation in Spanish firms carried out by the National Statistics Institute (INE). According to this survey, only 31.1% of Spanish firms were innovative in 2011. The reason for this difference may be related to the framework of the CREATINN project. The goal of this project was to increase the firms' competitiveness by strengthening the links between universities and firms, with a strong focus on facilitating university-industry cooperation. Since the contacts were made through universities, it could introduce some bias in selecting target firms as those a priori might be more interested in innovative activities. With respect to the financial performance of the firms, the average return of assets for 2009 stood at 10.9% (ebitdaat). In addition, the average current ratio was 2.4, which indicates that firms have, on average, enough short-term assets to meet their liabilities in the same period. The leverage ratio was around 68.2%, i.e., the sampled firms have little financial autonomy, since two-thirds of their funding comes from external debt. Finally, the total assets turnover ratio was around 1, which indicates that in 2009 the sampled firms were able to achieve, on average, incomes similar to total assets invested.
Regarding firm-specific characteristics, the firms had an average size of 55.7 employees. Following the approach of the European Commission (2003), the sample has a majority presence of micro-firms (62.1%), then small firms (25.6%) and finally, medium and large firms (8.1% and 4.0%, respectively). The average firm age was around 13 years, although a large percentage of firms (25.4%) were older than 20 years old, and 5.5% over 40. Their legal form was mostly limited liability company (79.1%). They showed a weak export orientation (6.0%) and most of them (63.5%) were in medium and high-tech industries, according to NACE-2009. Table 4 Probit estimates of the firm survival probability (marginal effects) respectively. N represents the number of observations. Robust standard errors in parentheses. d.f. represents the degrees of freedom.
Table 4
Probit estimates of the firm survival probability (marginal effects) (continued) Notes: Probit estimates of the relationship between the probability of firm survival and the variables considered. ***. **. *. + significant at 0.001, 0.01, 0.05 and 0.10,.
respectively. N represents the number of observations. Robust standard errors in parentheses. d.f. represents the degrees of freedom.
Empirical analysis
To know the effect of firms' innovation on survival, different empirical models were estimated using the forward regression method. Therefore, the initial models only consider innovation variables (M1 to M3). In Models 4 to 6, variables referred to the firm financial performance are included. Finally, firm-specific characteristics are added (M7 to M15). In order to compare the previous models, we use some common measures of goodness of fit and tests of model specification. The results of the estimates are presented in Table 4 . As noted in Table 4 , a group of variables was significant in most of the estimated models, supporting some of the hypotheses previously raised.
Overall¸ no statistically significant relationship is observed between firm survival and the independent variables for firms' innovation in Models 1 to 3. However, some of the proxy variables for firms' innovation turn significant when considering firm financial performance and firm-specific characteristics. This result leads us to encourage future studies on innovation and firm survival to adopt a more focused financial approach in the analysis. Otherwise, the results of the impact of innovation on firm survival might be overestimated.
Particularly, commercial innovation (innovaccom) is positively and significantly related to firm survival; the greater commercial innovation, the better survival. These findings agree with those of Esteve-Pérez and Mañez (2008) and Ortega-Argilés and Moreno (2007) , especially in small firms, such as in our sample. Larger firms consider commercial innovation as ordinary, so it is not a determinant factor for their survival. Only small businesses that need differentiation and reducing the risk of failure take commercial innovation as a key element for survival. Future studies are also necessary for further study of this item considering the firm size.
Contrary to expectations, product innovation (innovacprod) is negatively related to firm survival in one of the estimated models. This result is similar to those of Budelmeyer et al. (2009) , who argue that product innovation is often associated with new products, which involves a high risk of failure, placing firms in a vulnerable financial situation in the short term.
We do not find any relationship between firm survival and process innovation (innovacproc) or organisational innovation (innovacorg). These findings differ from those obtained by Ortega-Argilés and Moreno (2007) , Cefis and Marsili (2005) , Buddelmeyer et al. (2009) and Gálvez and García (2012) , who find a positive relationship between firm survival and process innovation. With regard to organisational innovation, only the study of Gálvez and García (2012) discusses this kind of innovation, and they do not find significant results either. In our opinion, organisational innovation generally makes firms more productive, but its effect on firm survival is not clear. It would be interesting in future studies to analyse the effect of this kind of innovation on productivity and firm survival.
Firm financial performance is indeed important in determining firm survival. Thus, profitability (ebitdaat) is positively related to firm survival in four of the estimated models; higher profitability, higher probability of firm survival. These results agree with those of Segarra and Callejón (2002) , Arias et al. (2006) and Esteve-Pérez and Mañez (2008) , supporting the argument that the most profitable firms generate more funding, removing the possibility of bankruptcy. Nonetheless, this relationship turns non-significant when firm-specific characteristics are considered, suggesting the existence of a consistently positive but weak relationship between firm survival and profitability.
Contrary to expectations, firm's liquidity (acpc) has a negative influence on the probability of firm survival, i.e.. the greater liquidity, the lower probability of survival. This result can be partly explained by the fact that high firm liquidity may indicate having idle resources or poor management of working capital, leading to a loss of competitiveness.
The leverage ratio (deudaat) also negatively affects firm survival. This finding agrees with those of Cowling et al. (2009) for Germany. Moreover, due to the scarcity of bank credit for firms, which has characterised the Spanish economy since the start of the crisis in 2007, the leverage factor becomes even more relevant, because the firms with a certain level of indebtedness are facing serious difficulties in expanding this source of funding.
Some of the estimated models show the existence of a negative relationship between firm survival and efficiency (ventasat), which turns non-significant when firm-specific characteristics are considered, suggesting the existence of a weak relationship. These results differ from those obtained by Esteve-Pérez and Mañez (2008) , Arias et al. (2006) and Ortega-Argilés and Moreno (2007) . This unexpected result may be partly explained by the different meaning that asset turnover has for potential creditors. Thus, firms with a high level of assets will have lower asset turnovers, although they are efficient on average. However, these assets can be used as collateral to guarantee the financial situation of the firm and, subsequently, its survival. Future research is necessary in order to go into detail on the interpretation of this variable.
The industry (sectordummy) has a negative relationship with firm survival in two of the estimated models; firms in medium and high-tech industries have lower survival opportunities. This finding differs from those obtained by Esteve-Pérez and Mañez (2008) , Esteve-Pérez et al. (2004) and Cefis and Marsili (2005) . In our opinion, this may be because such technology-intensive industries are highly risky and it is very easy to become obsolete or get involved in failed launching products, decreasing the chances of survival. In fact, Geroski (1995) states that the probability of firm survival tends to be lower in highly innovative industries where there is a high risk of failure. In Spain, the effect of industry on firm survival is another area for future research.
We do not find any relationship between firm survival and firm size (lnnumeplea, lnnumepleacuad). This result agrees with those of Arias et al. (2006) and Gálvez and García (2012) . Furthermore, despite the non-significance, the estimated coefficients show the opposite sign to that expected, suggesting that big firms may have more difficulties of control, less flexibility to make decisions and, therefore, higher risk of bankruptcy (Buddelmeyer et al., 2009) .
For firm age, while the squared variable is significant (lnedadcuad), the unsquared variable is not (lnedad), suggesting a nonlinear relationship. These results provide support for the 'liability of senescence' in the Spanish companies: in older firms, capabilities become increasingly resistant to adapt to environmental changes over time. This hypothesis is supported by authors such as Esteve-Pérez et al. (2004) for firms from 50 years old or Cowling et al. (2009) for the German case. In our sample, the average firm age is 13 years old, a limited duration to fully justify this argument.
Similarly, the remaining variables related to firm-specific characteristics are not significant to explain the firm survival. Thus, we find no evidence that being an exporting firm has any effect on firm survival. These results differ from those of Esteve-Pérez et al. (2004) and Esteve-Pérez and Mañez (2008) , who found a negative relationship between exports and failure rate. The legal form also did not have a significant relationship with firm survival. These results are similar to those of Esteve-Pérez et al. (2004) and Esteve-Pérez and Mañez (2008) .
Conclusions and implications
Previous research agrees with the idea that innovative activities are one of the main engines of economic progress and social welfare, because they generate positive externalities that affect the whole economy and create wealth. On the other side, innovation investment increases the financial vulnerability and the associated risk in the short term, especially for small firms.
The main objective of this study intends to delve into the effect of different types of innovation on the survival of the Spanish firms. Additionally, we have controlled the influence of other financial variables and firm-specific characteristics on this aspect.
The results show that firm financial performances are the factors that impact more on firm survival. While profitability has a weakly positive effect because of an increased generation of internal funding, the leverage ratio strongly goes in the opposite direction, possibly due to financial constraints faced by the firms already highly leveraged. Liquidity also has a weakly negative influence on firm survival, suggesting that firms with idle resources have a higher probability of bankruptcy.
Meanwhile, although we have not found strong evidences, it seems that firms in medium and high-tech industries are more vulnerable to failure. The Technology Based Firms (TBFs) base their competitiveness on the creation of new products, services and processes applying new scientific and technological knowledge. Much of the risk and uncertainty of these firms is conditioned by the success in bringing that knowledge to the market. Owing to the basic nature of research in Spain, and the lack of productive university-industry relationships Beraza Garmendia, 2011a, 2011b) , firms in medium and high-tech industries have to take more risk by being far away from the market and potential customers. If firms fail to reach a sustainable business model in a reasonable time, their chances of failure will increase. Thus, the effect of high-tech industries on firm survival is an area for future research in countries like Spain (Rodríguez Castellanos and Beraza Garmendia, 2008) .
The results also show a nonlinear relationship between firm age and survival, supporting the arguments behind the 'liability of senescence': in older firms, capabilities become increasingly reluctant to adapt to environmental changes over time.
Finally, with regard to innovation, while commercial innovation seems to keep firms away from bankruptcy, product innovation appears to increase the vulnerability of firms to failure. As final clarification of these results, it is necessary to keep in mind the time sequence used to carry out these innovations. Most of the firms introduce product innovations before marketing innovations. That means these firms could be more stable when they implement marketing policies.
This analysis involves two contributions. First, it demonstrates the relevance of financial variables in the survival of Spanish SMEs. In general, empirical literature on the effect of innovation on survival has ignored the impact of firm financial performance. In the Spanish case, these variables are particularly relevant because of the high degree of financial constraints faced by firms, especially since the beginning of the financial crisis. Second, although other studies have analysed innovation and firm survival in the Spanish case, they do not consider the four dimensions of innovation (product, process, commercial and organisational) introduced in this paper.
We are also aware that this research has limitations such as the difficulty of finding data on types of innovation. We use a questionnaire to get this information, which has considerably diminished the number of the sampled firms. In addition, the time frame of analysis is rather short (three years) which could raise issues of left censoring. Therefore, for future research, we consider to extend the number of companies in the sample and the time horizon used for the analysis, as well as using survival analysis models, which will let us include new hypotheses related to the 'shadow of death'. It would also be interesting to introduce additional variables that reflect macroeconomic conditions, and to reconsider new measures of explanatory variables such as efficiency and liquidity ratios, which present a contrary sign to that expected and differ from most studies analysed.
Finally, we provide some recommendations to improve the survival rate of Spanish SMEs.
As we have tested, there is a positive but weak relationship between firm survival and profitability. Therefore, a strict analysis of the economic situation of the firm in terms of current and potential profitability is required before making any decision on developing innovative activities, especially product innovation.
The effect of firms' leverage on survival is even more important. Nowadays, Spanish SMEs are severely constrained by problems in accessing credit. Thus, it is not advisable to carry out projects that involve an increasing level of debt, especially when the firm is already heavily indebted. One solution to this problem is to transform debt into equity. Mechanisms to facilitate creditors changing their debt for a stake in the business could work for both parties involved and create a win-win growing model. In Spain, a new legal framework is necessary to support these new financial relations. In addition, public institutions could also support innovation in firms by facilitating the access to specific financial funding to cover such projects. Being conscious of these problems, Spanish governments have made significant efforts to promote innovation in firms. Thus, the current Entrepreneurship Act (2013) introduces important tax incentives for innovation, whose effects should be analysed in future research. Particularly, firms without sufficient tax liability are able to claim the R&D tax credit, instead of carrying forward the R&D tax deductions.
Although innovation, as a whole, does not seem to have any significant effect on firm survival, only commercial and product innovation appears to be relevant to Spanish SMEs. As we mentioned, marketing policies should appear after firms have a marketable product and a feasible number of costumers. So, from this approach, it is important that every innovative project is accompanied by an innovative marketing plan to increase its success probabilities. Also policies oriented to help companies in the internationalisation process are necessary. In the last decade, Spanish firms have been forced to sell their products in foreign markets. In this sense, a proper commercial plan is a key element to facilitate the introduction of firms in new countries and it is related to the rise of the exportation level.
Finally, innovation also appears to contribute to creating a firm culture that affects other factors which can effectively influence firm survival. In this sense, supporting instruments coming from outside of the firm to increase the innovation culture should help their future survival. These instruments involve coaching for inexperienced entrepreneurs, more favourable credit conditions, attracting investors as venture capital or business angels, or building innovation networks to harness synergies.
